This method for direct determination of Zn in cerebrospinal fluid (CSF) involves flame atomic absorption spectrophotometry with a pulse nebulizer technique. Standard solutions of Zn in 150 mmol/L NaCI were used. We could account for 88% of added standard with the method in individual samples from 10 patients and in pooled CSF. The method is acceptably precise, CV5 in pooled CSF ranging from 4 to 12%. The mean CSF-Zn concentration for nine healthy men was 0.18 (SD 0.04) imol/L and for nine healthy women 0.15 (SD 0.03) /Lmol/L, a statistically insignificant difference. These values are lower than those in previous reports, which may have been the result of contamination problems, nonatomic absorption, or nonstandardized sampling. In the healthy volunteers, the CSF-Zn concentration was positively correlated with serum-Zn, CSF-protein, and CSF-albumin concentrations, as well as with the CSF/serum ratio for albumin.
In test A, CSF from one patient was used to estimate the background (non-atomic) absorption. In test B, CSF from six patients was pooled and used to determine the precision and between-run variation of both the direct method and the standard-addition method. We used three different readout methods (see below) in comparing results by the two methods.
In test C, CSF samples from 10 patients were analyzed by the direct method and the results were compared with those by the standard-addition method as an indirect estimate of the accuracy of the former.
In test D, normal values for CSF-Zn were determined with the direct method in 18 healthy volunteers, nine men (mean age 28 years) and nine women (mean age 30 years). None had clinical or laboratory signs of infection, anemia, liver disease, or pregnancy. None were taking any drugs, including oral contraceptives. They were verbally informed of the aim of the study and all agreed to participate. The project was approved by the ethical committee of the University Hospital.
Methods

CSF sampling.
For tests C and D we obtained CSF samples at 0800 hours, after overnight fast. The lumbar puncture was performed with the subject in the lateral recumbent position after a 30-mm rest. The skin was anaesthesized with lidocaine, and the puncture was made with a sterile 0.9 x 90 mm disposable hypodermic needle. In test D, the first 2 mL were taken for cell count and CSF samples from the 10th to the 17th mL were used for determination of zinc, total protein, and albumin. CSF was allowed to drop directly into acid-washed plastic tubes, which were immediately sealed with Parafihn and stored at -20 #{176}C until analyzed. The CSF samples were not centrifuged or transferred to other tubes.
Serum sampling.
Immediately after the spinal tap, blood samples were taken from an antecubital vein after minimal stasis. The blood was collected in acid-washed glass tubes, allowed to clot, then centrifuged. The serum, transferred to acid-washed plastic tubes with a Pasteur pipette, was stored at -20 #{176}C until analyzed for Zn and albumin. Working standards were never more than two days old.
Instrument
Glass-and Plasticware
Pipettes andvolumetric flasks were of borosiicate glass.
The 12 x 75 mm plastic tubes were of polystyrene. All plastic tubes and the glassware were acid-washed in two steps: 1. A programmable washing machine with several washing periods was used. The program included washing with a basic surfactant, then with an acid surfactant (containing citric acid), and several rinsings in warm or cold de-ionized water (26) . Background determination. The background absorbances of CSF, 150 mmol/L NaC1, and water were determined with a hydrogen lamp.
Direct method. The samples and standard solutions were injected into the cone and the absorbance values recorded. A standard curve was calculated by using the least-squares method (Figure 1, left) . Absorbance values for the different CSF samples were registered and the actual CSF-Zn concentrations calculated frOm the standard curve.
Standard-addition
method. CSF samples were divided into four 1-mL portions, and 100 L of the respective standard solutions was added to each portion. A blank solution consisting of 1 mL of 150 mmolJL NaCI and 100 L of water was prepared. Absorbances were measured and a regression line was then calculated by use of the leastsquares method (Figure 1, right) . The CSF-Zn concentration was read from the x-axis at the intercept of the absorbance for the blank.
Serum-Zn. We diluted 100 L of serum with 1.0 mL of 0.1 molIL HC1. We measured the serum-Zn concentrations with flame atomic absorption spectrophotometry, using the continuous-aspiration technique (26). The mean of two determinations was used in the calculations. As standards, samples of Zn in 0.1 mol/L HC1 were used.
Protein in CSF. Protein was determined according to Lowry et al. (27) , with tyrosine as the standard.
CSF-albumin and serum-albumin. These were determined by electroimmunoassay according to Laurell 
Statistics.
Differences
between group means for different variables were tested by using the Student's t-test for unpaired observations. The test was modified if the variances differed significantly (p < 0.01; F-test). The product moment correlation coefficient (r) was calculated for selected paired variables and tested by Student's t-test. 
Results
Background absorption (test A). The background absorbances of 29 determinations for CSF, 150 mmolJL NaCl, and water were 6.0 (SE 0.1), 6.1 (SE 0.2), and 2.9 (SE 0.1) mA respectively. There were no differences between the absorbances of CSF and of the NaC1 solution.
Sensitivity (test B).
In test B the sensitivity-i.e., the concentration absorbing 1% of the light-was estimated to be 0.13 zmol/L. Precision and between-run variation (test B). Precision was somewhat better with the direct method than with the standard-addition method (Table 2 ), although the difference between the two runs was statistically insignificant.
Read-out methods (test B).
There were no significant differences between the mean concentrations obtained with the different read-out methods (Table 2) . Digitally recorded peak area showed poorer precision than the manual and digital peak-height readout.
Accuracy (tests B and C). The direct method was compared with the standard-addition method to determine the accuracy of the former. When digital peak-height was used in test B (Table 2) , the direct method yielded values that were 91% and 84% of the standard-addition values in two consecutive runs. In test C, the direct method gave values that averaged 88% of the standard-addition values ( Figure  2) .
Normal values (test D).
CSF from all the healthy volunteers was clear and colorless, with a protein concentration of <500 mgIL. There were fewer than five leukocytes and fewer than 350 erythrocytes per microliter in the first 2 mL 
Discussion
The CSF-Zn concentrations we found, both for patients and healthy volunteers, are lower than in most recent reports (Table 1) In Zn determinations by atomic absorption spectrophotometry the background absorption, due mainly to salts, is also a problem. Sodium, the principal cation in CSF at a concentration of 143 mmol/L (33), has a pronounced absorption at the Zn resonance line (34). Background corrections have not been common in previous reports and were not made in the present study because the noise level increases as the hydrogen lamp is used, increasing the detection limit. Without the background correction all peaks were greater than the noise level, and the analytical procedure was simpler. We decreased the background absorption to a low and acceptable level by optimizing the instrument. NaC1 was used to compensate for the background absorption, because CSF and 150 mmolj'L NaCI had the same background correction.
One advantage of the pulse nebulizer technique over continuous aspiration into the flame is the smaller sample volume requirement. Thus, five determinations instead of one were possible from the same volume when this technique is used, with less likelihood of system clogging (35).
Lower CSF-Zn concentrations were found with the direct method than with the standard-addition method. Differences in nebulization rate between CSF and the standards may explain this discrepancy. The precision was found to be the same in manual and digital peak-height readout in test B. The latter method, which is objective and simple, was used for the readouts in the succeeding tests.
Serum-Zn concentrations for the healthy volunteers were within the normal range (1, 36), and were significantly higher for men than women, as also reported by some authors (3, 36) but not by others (37, 38) .
Values for CSF-protein and CSF-albumin were higher for men. This sex-related difference was also seen by Breebaart et al. (39) but not by others (40) . In previous reports Kjellin (13) found a positive relation between CSF-Zn and CSFprotein (in three patients with high CSF-protein concentrations), but other authors did not (15, 19,21) . In the present study, we found significant correlations between CSF-Zn and CSF-protein, between CSF-Zn and CSF-albumin concentrations, and between CSF-Zn and the CSF/serum ratio for albumin. The latter ratio is regarded as a good test of the blood-brain barrier function (40).
We also found a weak positive correlation between CSFZn and serum-Zn concentrations in the men (Figure 4) . In serum, Zn is bound mainly to albumin (about 80%) and to a2-macroglobulin (about 20%) (41). A small part is also bound to amino acids such as histidine and cysteine (42). It is not known if Zn in CSF is bound to proteins. CSF-albumin derives from serum-albumin (43) and the concentration of a2-macroglobulin in CSF is very low (44) . Therefore CSF-Zn probably is bound mainly to albumin. CSF has, however, a relatively high concentration of amino acids. The serum! CSF ratio for albumin is about 200:1 (40) and for histidine 6:1 (45), which suggests the possibility of a proportionately greater binding between Zn and amino acids in CSF.
